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CONTAMINANT DETECTION APPARATUS 

FIELD OF THE INVENTION 

[0001] This invention relates to the ?eld of pathogen/ 
contaminant detection, and more particularly, to the ?eld of 
devices for pathogen detection. 

BACKGROUND OF THE INVENTION 

[0002] Pathogens, such as viruses, bacteria, toxins and 
other contaminants, are omnipresent. Under particular cir 
cumstances, such pathogens can become dangerous to 
human health. For example, the presence of salmonella orE 
coli in food can be injurious or fatal to those consuming the 
food. Anthrax spores can be injurious or fatal to a person 
Who touches or inhales them. There are many examples of 
circumstances in Which particular pathogens can be danger 
ous to people. 

[0003] Apart from the direct danger to humans, there is a 
serious and detrimental impact associated With indetermi 
nate or tentative discoveries of pathogens. For example, if a 
suspicion arises that certain food is carrying a pathogen, 
then, typically, samples Would be taken and transported to a 
lab, Where tests Would be conducted on the samples under 
carefully controlled environmental conditions. Until the test 
results are ?nally determined, the food (or other environ 
ment Where the pathogen is suspected) is held in limbo. This 
delay can be very costly. 

[0004] In addition to the cost of delay, there are serious 
costs associated With incorrect test results. If a test incor 
rectly returns a negative result, injury or death to humans 
may result. If a test incorrectly returns a positive result, then 
food may be destroyed, premises closed, equipment dis 
carded, or disinfection procedures initiated all because of an 
incorrect test result. 

[0005] Tests for pathogens are typically conducted by 
mixing the sample With a mix of pathogen-speci?c extrac 
tion chemicals, so that if the pathogen is present, light is 
emitted. This light emission is typically of loW intensity, and 
a Photo Multiplier Tube (PMT) is typically used to sense the 
emission. A typical PMT consists of seven photosensitive 
plates arranged in series, With each plate having a succes 
sively higher potential applied thereto. The potential differ 
ence betWeen each successive plate is typically 100 volts. 
The ?rst plate releases electrons in response to light, and 
these electrons are draWn to the next plate because of its 
higher potential. The third plate draWs still more electrons 
from the second plate because of its still higher potential, 
and so on. In typical PMTs, the total gain can be adjusted by 
adjusting the voltage applied to the PMT. For example, a 
typical PMT may be adjusted so that the potential difference 
betWeen successive plates is 110 volts instead of 100 volts. 
The PMT emits an ampli?ed signal Which indicates Whether 
light Was emitted by the sample. HoWever, PMTs are some 
times imprecise and unreliable. 

SUMMARY OF THE INVENTION 

[0006] Therefore, What is preferred in one aspect is a 
contaminant detection apparatus effective and convenient 
for use in the ?eld. What is desired in another aspect is an 
optical sensor module that improves precision and reliabil 
ity. 
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[0007] Therefore, in one aspect, there is provided a con 
taminant detection apparatus comprising: 

[0008] a poWered portable detection device for 
detecting the presence of at least one pathogen in a 
sample; 

[0009] a test applicator kit comprising a sample 
applicator and a cartridge con?gured to receive and 
retain the sample applicator. The cartridge preferably 
includes a solvent chamber for holding a solvent, 
preferably includes a preserving chamber for holding 
a preserver, and preferably includes at least one Well 
for holding at least one pathogen-speci?c set of 
extraction chemicals. Preferably, the cartridge fur 
ther includes a How path from the solvent chamber to 
each of the Wells. 

[0010] Preferably, the sample applicator includes a sWab 
having a ?rst and second sWab heads for sWabbing a surface 
to obtain a sample, the cartridge and sample applicator 
preferably being con?gured such that When the sample 
applicator is retained in the cartridge, the ?rst sWab head is 
retained in said preserving chamber to preserve a con?rma 
tory version of said sample, and the second sWab head is 
positioned in the solvent chamber to dissolve the second 
sWab head to a substantially liquid mixture including said 
sample, and to permit the mixture to How via the How paths 
to the Wells. 

[0011] Preferably, the cartridge is positionable relative to 
the portable detection device to permit the portable detection 
device to detect the presence of at least one pathogen by 
sensing, and indicating the existence of, luminescence in one 
or more of said Wells. 

[0012] Preferably, the cartridge has a code element asso 
ciated thereWith, the code element including an indication of 
Which pathogens are being tested for in each Well. Prefer 
ably, the code element is a bar code. 

[0013] Preferably, the detection device includes a code 
element reader for reading the code element. Preferably, the 
detection device includes a microprocessor for controlling 
functions of said detection device. Preferably, the detection 
device includes a display, operatively connected to the 
microprocessor, for displaying information regarding 
Whether one or more pathogens have been detected. Pref 
erably, the detection device is poWered by a 9-volt battery. 
Preferably, the detection device includes an input device, 
operatively connected to the microprocessor, for program 
ming the detection device. Preferably, the detection device 
includes a memory operatively connected to said micropro 
cessor and said input device, said input device being con 
?gured to permit entry of test-related information for storage 
in the memory. Preferably, the detection device includes at 
least one softWare-programmable button operatively con 
nected to the microprocessor, Wherein the functions of said 
buttons can be programmed in said microprocessor. Prefer 
ably, the detection device includes a data transmission 
connection, operatively connected to the microprocessor, for 
transmitting data relating to pathogen detection from said 
detection device. Preferably, the detection device includes a 
code element reader positionable for reading the code ele 
ment. Preferably, the detection device further includes an 
optical sensor module for detecting luminescence in said 
cartridge, the optical sensor module including a controller 
operatively connected to the microprocessor. 
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[0014] In another aspect, there is provided an optical 
sensor module for sensing luminescence resulting from the 
presence of a pathogen in one or more extraction chemicals, 
the module comprising a light sensor con?gured to emit a 
signal in response to incident light, and at least one ampli 
?cation stage, operatively connected to the light sensor, for 
amplifying the signal to indicate a test result, the module 
including at least one noise ?lter for ?ltering noise from said 
signal. Preferably, the ampli?cation stages are non-photo 
sensitive. Preferably, the ampli?cation stages comprise 
operational ampli?ers. Preferably, each stage is operatively 
connected to a gain controller con?gured to independently 
control the gain of each stage. Preferably, the gain controller 
comprises a microcontroller programmed independently 
control the gain of each stage. Preferably, the module further 
includes dark current detector, the dark current detector 
being con?gured to determine that the test result is negative 
When only a background dark current signal is detected. 
Preferably, the dark current detector is a microcontroller. 
Preferably, the module includes a light maximiZer (most 
preferably in the form of a lens) con?gured and positioned 
to maximiZe the effect of light from a Well on said light 
sensor. Preferably, the module further includes a selector to 
select, one at a time, individual sets of extraction chemicals 
Whose luminescence is to be sensed by said light sensor in 
testing for pathogens. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] Reference Will noW be made, by Way of example 
only, to draWings of the invention, Which illustrate the 
preferred embodiment of the invention, and in Which: 

[0016] FIG. 1 is a plan vieW of a portion of the preferred 
detection device according to the present invention; 

[0017] FIG. 2 is a side and plan vieW of the preferred test 
applicator kit according to the present invention; 

[0018] FIG. 3 is a schematic diagram of the preferred 
Wells and How paths according to the present invention; 

[0019] FIG. 4 is a schematic diagram of the preferred 
detection device according to the present invention; and 

[0020] FIG. 5 is a schematic diagram of the preferred 
optical sensor module according to the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0021] Referring noW to FIGS. 1-4, the preferred con 
taminant detection apparatus 8 includes a test applicator kit 
(TAK) 10 and a detection device 12, With the detection 
device 12 including an optical sensor module (OSM) 14. 

[0022] The preferred TAK 10 includes a dual-headed sWab 
18 (having heads 20 and 22) carried at the end of a sample 
applicator 16, the sample applicator 16 functioning as a 
sample collector. The sWab 18 is used to sWab surfaces or 
other areas from Which a sample is desired. The sample 
applicator 16 further includes a handle 24 at one end of a 
body 26, With the dual-headed sWab 18 being carried at an 
opposite end of the body 26. 

[0023] The sWab 18 is used to gather a sample for testing. 
Both heads 20 and 22 are brought into contact With the 
sample area. One of the heads 20 or 22 Will, as Will be 
described beloW, be inserted into a suspension ?uid Which 
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preserves the sample. This preserved sample Will act as a 
con?rmatory sample, if it is desired to retest the sample at 
a later time. 

[0024] The TAK 10 also includes a cartridge 28, con?g 
ured to accept the sample applicator 16. Preferably, the 
cartridge 28 and sample applicator 16 are con?gured such 
that the sample applicator 16 can be inserted into the 
cartridge 28 With a snap ?t, so that the sample applicator 16 
is held in the cartridge 28 after the snap ?t is engaged. 

[0025] The cartridge 28 and applicator 16 are both siZed, 
shaped and positioned so that When the snap ?t is engaged, 
one of the heads (number 20) is preserved in a preserver, 
preferably in the form of a suspension ?uid as mentioned 
above. The preserver is located in a preserving chamber 29. 
The other head (number 22) is at the same time positioned 
in a separate chamber 30 Within the cartridge 28 containing 
a solvent. The solvent is selected to dissolve the head 22, so 
that the head 22, together With the sample on the head 22, 
dissolve into substantially liquid form. 

[0026] The cartridge 28 preferably includes at least one 
Well 32. More preferably, the cartridge 28 includes a plu 
rality of Wells 32, and most preferably, the cartridge 28 
includes at least ?ve Wells 32. It Will be appreciated by those 
skilled in the art that detection tests for pathogens are 
typically performed using extraction chemicals. These 
chemicals typically include, for example, alkaline phosphate 
and/or horseradish peroxide, a pathogen-speci?c antibody, 
and a pathogen-speci?c reactant chemical that causes light 
emission When the pathogen comes in contact With the 
extraction chemicals. The test is considered to have a 
positive result When light is emitted. 

[0027] Thus, preferably, each Well 32 contains, When the 
detection device 12 is in use, a pathogen-speci?c set of 
extraction chemicals. Most preferably, each Well contains 
the chemicals necessary to test for a different pathogen. In 
this, Way, multiple pathogens (most preferably, at least ?ve) 
can be tested for using a single sample applicator 16 and 
cartridge 28 In one possible form of the cartridge 28, each 
Well 32 comprises a single container for containing a patho 
gen-speci?c set of extraction chemicals. HoWever, in 
another possible embodiment of the cartridge 28, each Well 
32 comprises a plurality of containers, With the plurality of 
containers preferably positioned one above the other. In this 
other possible embodiment, each extraction chemical from 
each pathogen-speci?c set of extraction chemicals is con 
tained in a separate container. By contrast, in the single 
container embodiment, each set of pathogen-speci?c extrac 
tion chemicals is pre-mixed Within the single container of 
Which the Well 32 is comprised. It Will be appreciated that 
the multiple-container embodiment Will preferably be used 
in situations Where it is disadvantageous to mix the extrac 
tion chemicals from each set together before the test is 
performed. 
[0028] In the multiple container embodiment, the cartridge 
28 is most preferably con?gured so that, When the sample 
applicator 16 is snapped into the cartridge 28, the plurality 
of containers of Which each Well 32 is comprised are opened 
to one another. The result is that each extraction chemical is 
mixed together in each Well 32 to form the corresponding 
pathogen-speci?c set of extraction chemicals. 

[0029] Preferably, the cartridge 28 includes a plurality of 
How paths 34 Which place the chamber 30 in ?uid commu 
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nication With every Well 32 in the cartridge 28. Most 
preferably, the How paths 34 take the form of microchannels 
from the chamber 30 to each Well 32. When the head 22 
dissolves into liquid form, the dissolved liquid then travels 
to each Well via the How paths 34. The dissolved liquid 
contains the sample from the head 22. Therefore, the sample 
is carried via the How paths 34 to each Well 32, Where the 
sample is introduced to each pathogen-speci?c set of eXtrac 
tion chemicals. 

[0030] Preferably, the cartridge carries a code element in 
the form of one or more bar codes 36. The bar codes 36 
contain Within them information regarding the test includ 
ing, preferably, the pathogens being tested for at each Well 
32, the date on Which the TAK Was manufactured, the eXpiry 
date of the TAK, and other relevant information. 

[0031] As eXplained above, a positive test is preferably 
indicated by light being emitted from one or more of the 
Wells 32 containing a pathogen-speci?c set of extraction 
chemicals. As Will be more particularly described beloW, the 
detection device 12, and in particular the OSM 14, detects 
and indicates the presence of such light emissions in order 
to identify a positive test. 

[0032] Preferably, the detection device 12 is battery-poW 
ered, most preferably by a 9-volt battery 35. The detection 
device 12 may also be poWered by a rechargeable battery, 
AC poWer, or another poWer source. HoWever, the use of a 
battery is preferred because this alloWs the apparatus 8 to be 
used more effectively in the ?eld. 

[0033] The device 12 preferably also includes a housing 
33 for housing the components of the device 12, providing 
a support structure for them, and protecting same from the 
elements. 

[0034] Preferably, the device 12 includes a microprocessor 
37 for controlling the functions of the device 12 through 
softWare Thus, the processor 37 is operatively connected to, 
inter alia, the display 38, connections 39 and 41, memory 43, 
buttons 40, reader 44, microcontroller 46 and adjuster 41, 
Which are described beloW. 

[0035] Preferably, the device 12 also includes a display 38 
for displaying information. Most preferably, the display 38 
is a colour LCD display that is backlit. It Will be appreciated 
by those skilled in the art that providing a colour display 
With backlighting facilitates the use of the device 12 in the 
?eld, including under darker ?eld conditions Where a dif 
ferent display Would be more dif?cult to see. It is also 
preferred that this display comprise a touchscreen, so that 
information and programming can be inputted to the appa 
ratus 8. It Will be appreciated hoWever, that other input 
devices besides a touchscreen are possible. What is desired 
is that the apparatus 8 include an input device to permit the 
apparatus 8 to be programmed. 

[0036] Preferably, the device 12 includes a cellular phone 
connection 39 and/or a satellite telephone connection 41 to 
permit Wireless communication from almost any location. It 
Will be appreciated by those skilled in the art that, When 
testing for pathogens, the testing may be done in remote 
areas. Furthermore, it is often urgent that the test results be 
communicated as quickly as possible to the relevant authori 
ties or other entities. For this reason, a connection of the sort 
just described is most preferred, as a data link is possible 
over such a connection. It Will be appreciated that any 
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communication connection over Which data transmission is 
possible Will serve this preferred function. 

[0037] Preferably, the device 12 includes memory 43. The 
microprocessor preferably runs softWare that permits the 
user to enter all of the relevant information about the test 
being conducted (e.g. types of pathogens being tested for, 
date, location, client ID etc.). Preferably, the softWare that 
permits entry of relevant test information Will also permit 
the doWnloading of said information to an external device, 
such as a PC. Preferably, the softWare Will also permit this 
information, as Well as information relating to the test results 
actually obtained, to be transmitted over the communication 
connection described above. 

[0038] Preferably, the device 12 includes a control panel 
With softWare con?gurable buttons 40. The buttons 40 can 
serve a variety of functions depending on the preferences of 
the user. These include initiation of the test, control of the 
OSM 14 (as Will be more particularly described beloW), the 
transmission and/or doWnloading of data, etc. 

[0039] Preferably, the device 12 includes a built-in code 
element reader 44 in the form of a barcode scanner. The bar 
code scanner is con?gured to read the bar codes associated 
With the TAK 10 (and particularly the cartridge), Which bar 
codes indicate What pathogens are being tested for. In 
addition, the OSM 14 of the device 12 Will be program 
mable, so that the OSM 14 Will automatically adjust to 
perform the test for the pathogen of interest. This adjustment 
may occur automatically using a preprogrammed microcon 
troller 46 associated With the OSM 14 in response to the 
reading of the code element. Alternatively, using the control 
panel, the microcontroller 46 can be programmed at the time 
of the test. 

[0040] Preferably, the device 12 further includes a tem 
perature adjuster 42 con?gured to adjust the temperature of 
the device 12. The most preferred form of adjuster is a 
thermoelectric heater/cooler operatively connected to the 
battery to draW poWer therefrom. It Will be appreciated that 
proper testing for particular pathogens may require that the 
sample be held at a particular temperature. The preferred 
temperature adjuster is con?gured to adjust the temperature 
of the sample according to the requirements of the particular 
test. 

[0041] It Will be appreciated that the preferred TAK 10 and 
device 10 are con?gured so that, to perform the test, the user 
need only sWab the surface, insert the applicator 16 into the 
cartridge 28, and insert the cartridge 28 into the OSM 14. 
This facilitates the use of the apparatus 8 in the ?eld, because 
the addition of chemicals by robot, injector, or a technician 
is not required at test time. 

[0042] The preferred OSM 14 Will noW be described. 
Preferably, the OSM 14 comprises a plurality of stages. The 
?rst stage preferably comprises a light sensor 50, most 
preferably in the form of a photo sensitive plate. It Will be 
appreciated that the ?rst stage may comprise any light sensor 
Which emits a signal in response to incident light from a Well 
32. 

[0043] The OSM 14 preferably includes a plurality of 
subsequent ampli?cation stages 52. Most preferably, there 
are siX stages 52. HoWever, it Will be appreciated that 
another number of stages 52 is possible. What is important 
is that the OSM 14 (preferably via the stages 50,52) emits a 
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signal in response to light emission from a Well 32, the signal 
being suf?ciently strong to permit a positive test to be 
accurately recognized. 
[0044] Preferably, each stage 52 comprises an operational 
ampli?er. Preferably, each operational ampli?er is opera 
tively connected to the microcontroller 46. The microcon 
troller 46 is programmed to control the gain of each opera 
tional ampli?er With precision. 

[0045] Thus, preferably, each stage 52 has a corresponding 
gain Which is independently adjustable i.e. adjustable inde 
pendent from the gain at any other stage 52. This indepen 
dent adjustability is advantageous, because it permits the 
microcontroller to eXert tight control over the gain at each 
stage 52, as Well as the overall gain of the OSM 14. This 
tight control in turn leads to more accurate test results. The 
reason for this is that this tight control prevents the gains of 
the op amps from ?oating independently aWay from their 
nominal values. Such ?oating could have the effect of 
skeWing the test results. If the gain of one or more stages 52 
Were permitted to ?oat (as sometimes undesirably happens 
With traditional photo multiplier tubes), an output signal that 
Would, With the gains at their nominal values, have been 
above the threshold for a positive test result, might actually 
shoW up as being beloW the threshold for a positive test 
result, or vice versa. HoWever, because the microcontroller 
46 controls the gain of each stage 52 independently and 
precisely, the test results are more likely to be accurate, 
because the gains of each stage 52 are more likely to be at 
or close to their desired nominal values. 

[0046] It Will also be appreciated that the use of opera 
tional ampli?ers as the stages 52 alloWs the stages 52 to be 
substantially more space suf?cient than traditional photo 
multiplier tubes. Photo multiplier tubes typically use a photo 
sensitive plate for each ampli?cation stage. These plates 
make the photo multiplier tube bulky, and inappropriate for 
use in the ?eld. By contrast, the apparatus 8, Which is 
preferably the siZe of a typical cellular phone, can be carried 
and used for effectively in the ?eld. This is because the 
operational ampli?ers are smaller than photosensitive plates 
and can also be implemented in the OSM 14 as surface 
mounted circuitry. Thus, the use of operational ampli?ers as 
the stages 52 makes it possible for the apparatus 8 to be 
smaller, easier to carry, and easier to use in the ?eld. 

[0047] Preferably, each stage 52 Will have associated 
thereWith a noise ?lter 54 associated With the input to the 
stage 52, and a second noise ?lter 54 associated With the 
output from the stage. Preferably, the noise ?lter comprises 
circuitry designed to ?lter electromagnetic noise from the 
signal. It Will be appreciated that the noise ?lters 54, being 
associated With both the input and output of each stage 52, 
can determine What portion of a received signal constitutes 
noise, because, given the tightly controlled gain of each 
stage 52, after the initial photo sensitive stage, the magni 
tude of the signal at each stage is predictable by the 
micro-controller 46 and noise ?lters 54. 

[0048] Though it is preferred to have a noise ?lter asso 
ciated With both the input and output of each stage 52, this 
degree of noise ?ltration is not required by the invention. 
The invention, for eXample, also comprehends a single noise 
?lter 54 associated With each stage 52, or, alternatively, a 
one or more noise ?lters 54 Which single handedly or 
collectively ?lter noise at all of the stages 52. The invention 
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further comprehends one or more noise ?lters 54 that ?lter 
noise at one or more of the stages 52, but not necessarily all 
of the stages 52. 

[0049] It Will be appreciated that the use of one or more 
noise ?lters in association With the stages 52 increases the 
accuracy of the test result produced by the apparatus 8. For 
eXample, noise can lead to a false positive result if noise 
enters the signal and gets ampli?ed. Alternatively, noise may 
sWamp the signal produced by the light sensor 50, thus 
hiding a positive test result and falsely indicating a negative 
result. 

[0050] At each stage 50, 52, a certain small amount of 
current, typically referred to as “background dark current” 
?oWs even When no light is being emitted and sent by the 
light sensor 50. This background dark current is the result of 
the voltages at the stages 50, 52. As a result, the OSM 14 
Would tend to produce a non-Zero signal because of the 
background dark current even When no light is being emitted 
Therefore, preferably, the micro-controller 46 is pro 
grammed to measure the signal associated With the back 
ground dark current, and to interpret that background dark 
current signal as a Zero signal. It Will be appreciated that the 
micro-controller 46 thus improves the accuracy of the test 
results produced by the apparatus 8. Since the background 
dark current signal is present When there is a Zero light 
emission, the test is most accurate When the micro-controller 
46 subtracts the background current signal from the actual 
signal outputted from the stages 52 to determine the actual 
signal produced by the light sensor 50 and stages 52. 

[0051] Preferably, the micro-controller is programmed/ 
con?gured to compensate for changes in the temperature of 
the OSM 14. As Will be appreciated by those skilled in the 
art, When temperatures are higher, more current ?oWs. Thus, 
the signal produced by the OSM 14 in response to a light 
emission in the Well 32 depends on the temperature of the 
OSM 14 and the circuitry contained therein. Thus, the 
micro-controller is preferably con?gured adjust the gains of 
the stages 52 according to the temperature of the OSM 14 
and apparatus 8. The preferred result is that, if the same test 
on the same sample is performed under different temperature 
conditions, the results Will be consistent because of the 
temperature compensation. 

[0052] It Will be appreciated that the micro-controller 46, 
acting as a temperature compensator, provides signi?cant 
advantages for the apparatus 8. Speci?cally, the apparatus 8 
can be more effectively used in the ?eld, Where temperatures 
can vary Widely. By contrast in a laboratory, the temperature 
is more carefully controlled. 

[0053] Preferably, the OSM 14 includes an automatic gain 
adjustor in the form of the micro-controller 46. Speci?cally, 
the micro-controller 46 is preferably con?gured to adjust the 
gains of the stages 52 automatically, up to predetermined 
maximums, When a negative test result is initially indicated. 
Thus, if a negative test result is initially detected, the 
micro-controller 46 Will preferably increase the gain of the 
stages 52 incrementally and again check the test result to see 
if it is negative. The micro-controller 46 Will continue to 
raise the gain of the stages 52 up to the predetermined 
maximums, or until a positive test result is obtained, Which 
ever comes ?rst. 

[0054] It Will be appreciated, therefore, that the micro 
controller 46 acts as a test sensitivity adjustor, acting auto 
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matically to increase the sensitivity of the test up to a 
predetermined maximum. This allows the OSM 14 to adapt 
to different test conditions, and to determine test results With 
greater certainty. 

[0055] Preferably, the OSM 14 is a self-contained unit 
Which includes a serial communications port 53, or other 
communications port for communicating With the micro 
processor. It Will be appreciated that, in this Way, the data 
from the OSM 14 can be communicated quickly and easily 
to the micro-processor, Which in turn can process the data, 
display related information to the user, and transmit related 
information to other locations through the communication 
connections described above. 

[0056] It Will be appreciated that, though the OSM 14 
forms part of the apparatus 8, it can also be used in 
association With separate devices not comprehended by the 
apparatus 8 and the device 12. Speci?cally, the micro 
controller 46 and communications port 53 permit the OSM 
to be used in association With other devices or machines 
Which can receive and process the data outputted by the 
OSM 14. Thus, the OSM 14 can be installed as a separate 
component in other machines or devices, and sold separately 
for use in association With such other machines and devices. 

[0057] Preferably, the OSM 14 further includes a lens 56. 
Preferably, the device 12 and OSM 14 are con?gured so that 
the lens 56 is positioned so as to focus light emitted from the 
Wells 32 onto the light sensor 50. It Will be appreciated, 
therefore, that the lens 56 functions as light maximiZer. By 
focusing the light emitted from the Wells 32 on to the light 
sensor 50, the lens 56 maximiZes the effect of the light by 
focusing the light energy directly onto the light sensor 50. 

[0058] The OSM 14 preferably further includes a selector, 
preferably in a form of a shutter array 58. Preferably, there 
Will be one shutter in the shutter array for each Well 32. The 
selector functions to block all of the Wells 32 from emitting 
light onto the lens 56 and sensor 50, except for one Well 32. 
In other Words, the selector functions to permit one Well 32 
at a time to be tested. Thus, in the preferred embodiment 
Where there ?ve Wells 52, the selector Will expose the ?rst 
Well 32 to the lens 56, but bock all of the others until the test 
result from the ?rst Well 32 is obtained. The selector Will 
then block the ?rst Well 32, and expose the second Well 32, 
and repeat the process. This process is then repeated for each 
of the third, fourth and ?fth Wells. 

[0059] Thus, the selector, operatively connected to the 
micro-controller 46, selects Which Well is being tested, and 
therefore, Which pathogen is being tested for. Once the test 
associated With a particular Well 32 is complete, and the test 
results obtained, the next Well 32 is exposed, the test 
completed, and the test results obtained. 

[0060] It Will be appreciated that the invention compre 
hends that there be no selector, but instead that the OSM be 
con?gured so that the light from each Well 32 is emitted onto 
a separate light sensor 50. HoWever, it has been found that 
it is more cost and space ef?cient to have the selector Which 
functions to select one Well 32 at a time for obtaining a test 
result. 

[0061] The above disclosure is intended to be illustrative 
and not exhaustive. The description Will suggest many 
variations and alternatives to one of ordinary skill in the art. 
All these alternatives and variations are intended to be 
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included Within the scope of the claims, in Which the terms 
“comprise” and “include” mean “including, but not limited 
to.” 

[0062] Further, the particular features presented in the 
disclosure and the claims can be combined With each other 
in other manners Within the scope of the invention such that 
the invention should be recogniZed as also speci?cally 
directed to other embodiments having other possible com 
binations of the features of the claims 

The embodiments of the invention in Which an exclusive 
property or privilege is claimed are de?ned as folloWs: 
1. A contaminant detection apparatus comprising: 

a poWered portable detection device for detecting the 
presence of at least one pathogen in a sample; 

a test applicator kit comprising a sample applicator and a 
cartridge con?gured to receive and retain the sample 
applicator, the cartridge including a solvent chamber 
for holding a solvent, a preserving chamber for holding 
a preserver, and at least one Well for holding at least one 
pathogen-speci?c set of extraction chemicals, the car 
tridge further including a How path from the solvent 
chamber to each of the Wells; 

the sample applicator including a sWab having a ?rst and 
second sWab heads for sWabbing a surface to obtain a 
sample, the cartridge and sample applicator being con 
?gured such that When the sample applicator is retained 
in the cartridge, the ?rst sWab head is retained in said 
preserving chamber to preserve a con?rmatory version 
of said sample, and the second sWab head is positioned 
in the solvent chamber to dissolve the second sWab 
head to a substantially liquid mixture including said 
sample, and permit the mixture to How via the How 
paths to the Wells; 

the cartridge being positionable relative to the portable 
detection device to permit the portable detection device 
to detect the presence of at least one pathogen by 
sensing, and indicating the existence of, luminescence 
in one or more of said Wells. 

2. The apparatus of claim 1, Wherein the cartridge has a 
code element associated thereWith, the code element includ 
ing an indication of Which pathogens are being tested for in 
each Well. 

3. The apparatus of claim 2, Wherein the code element is 
a bar code. 

4. The apparatus of claim 2, Wherein the detection device 
includes a code element reader for reading the code element. 

5. The apparatus of claim 1, Wherein the detection device 
includes a microprocessor for controlling functions of said 
detection device. 

6. The apparatus of claim 5, Wherein the detection device 
includes a display, operatively connected to the micropro 
cessor, for displaying information regarding Whether one or 
more pathogens have been detected. 

7. The apparatus of claim 5, Wherein the detection device 
is poWered by a 9-volt battery. 

8. The apparatus of claim 6, Wherein said detection device 
includes an input device, operatively connected to the 
microprocessor, for programming the detection device. 

9. The apparatus of claim 8, Wherein said detection device 
includes a memory operatively connected to said micropro 
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cessor and said input device, said input device being con 
?gured to permit entry of test-related information for storage 
in the memory. 

10. The apparatus of claim 6, Wherein the detection device 
includes at least one software-programmable button opera 
tively connected to the microprocessor, Wherein the func 
tions of said buttons can be programmed in said micropro 
cessor. 

11. The apparatus of claim 6, Wherein the detection device 
includes a data transmission connection, operatively con 
nected to the microprocessor, for transmitting data relating 
to pathogen detection from said detection device. 

12. The apparatus of claim 6, Wherein the detection device 
further includes an optical sensor module for detecting 
luminescence in said cartridge, the optical sensor module 
including a controller operatively connected to the micro 
processor. 

13. An optical sensor module for sensing luminescence 
resulting from the presence of a pathogen in one or more 
extraction chemicals, the module comprising a light sensor 
con?gured to emit a signal in response to incident light, and 
at least one ampli?cation stage, operatively connected to the 
light sensor, for amplifying the signal to indicate a test 
result, the module including at least one noise ?lter for 
?ltering noise from said signal. 
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14. The module of claim 13, Wherein the ampli?cation 
stages comprise operational ampli?ers. 

15. The module of claim 13, Wherein each stage is 
operatively connected to a gain controller con?gured to 
independently control the gain of each stage. 

16. The module of claim 15, Wherein the gain controller 
comprises a microcontroller programmed independently 
control the gain of each stage. 

17. The module of claim 13, the module further including 
a dark current detector, the dark current detector being 
con?gured to determine that the test result is negative When 
only a background dark current signal is detected. 

18. The module of claim 17, Wherein the dark current 
detector is a microcontroller. 

19. The module of claim 13, Wherein the module includes 
a light maXimiZer con?gured and positioned to maXimiZe the 
effect of light from a Well on said light sensor. 

20. The module of claim 13, Wherein the module further 
includes a selector to select, one at a time, individual sets of 
extraction chemicals Whose luminescence is to be sensed by 
said light sensor in testing for pathogens. 


